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Thiokol

REACTION MOTORS DIVISION
DENVILLE, NEW JERSEY

INTRODUCTION
PURPOSE

This report describes the program conducted to improve the
vibration characteristics of the bipropellant valve used on the
C-1 Engine and presents the test data obtained during this
evaluation. The content of this document forms a part of
Thiokol-RMD Report 6203-F1. The program reported herein
completes the development work on the bipropellant valve for
the C-1 Engine,

CONTRACTUAL COVERAGE

‘The bipropellant valve improvement program was conducted for
the George C. Marshall Space Flight Center under NASA Contract
NAS8-15486.

BACKGROUND

The bipropellant valve (Thiokol-RMD Part No. 316305-300) quali-
fied as part of the C-1 Engine demonstrated marginal vibration
characteristic when subje'cted to the unpressurized vibration test.
The marginal condition was evidenced by excessive seal leakage
after being exposed to the vibration environment., The leakage
resulted from excessive relative motion between the flapper
button and seat. At extreme vibration levels this motion generated
hairlike teflon particles and chips which interfered with reliable
sealing. A detailed discussion of this condition is contained in
Thiokol-RMD Report No, 6203-F1, Sections 4.4 and 14.0, and in
Thiokol-RMD Report No., 6203-Q2. To extend the vibration
capability of the bipropellant valve, a design improvement and
vibration evaluation program was conducted. The initial progress
of this program was reported in Thiokol-RMD Report 6203-F1.

Appended to this document is a copy of the Moog Inc. Evaluation
Test Report No. MR 1216 which contains a discussion of the design
improvement program and the test data obtained during this program.

—_—1-] ——
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SUMMARY

Two bipropellant valve test specimens were modified by the
addition of a flat spring motion restrictor to each flapper-button
as shown in Figures 2.0-1 and 2.0-2. The test specimens
successfully completed all the unpressurized vibration tests and
the performance tests without malfunction. The vibration testing
was conducted with the valve assembled to a Thiokol-RMD thrust
chamber assembly (Part No. 317555). The vibration input was
controlled at the thrust chamber test fixture mounting surface.
Tables 2. 0-I and 2. 0-1II describe the specified vibration envelopes
which were utilized for these tests. Further detail regarding test
parameters and recorded data is contained in Appendix A of this
report.

The first test specimen, S/N 45, was subjected to 50, 000 cycles
after completing all vibration testing. The valve sealing elements
(nozzles) were removed following these tests for visual examina-
tion. As shown in Figure 2.0-3, the teflon seat revealed negligible
wear and no evidence of hairlike particles or chips, The second
test specimen, S/N 112, was also disassembled following vibration
testing and again visual inspection revealed a completely satisfac-
tory condition.

The design change incorporating the flat spring motion restrictor
to each flapper button has been made in the bipropellant valve
assembly identified as Thiokol-RMD Part No. 316305-400. As
shown in Figures 2.0-1 and 2, 0-2, the flat spring is retained in
the valve body by a small button head screw which is heli-arc

spot welded to spring and body to lock in position. The other

end of the spring is retained by an interference fit with the small
diameter shaft end of the flapper button which is pressed into the
valve body. The two sample test specimens were assembled in
this manner and showed no signs of loosening or structural

failure during the vibration tests., This revised design feature

has greatly improved the vibration characteristics of the bipropel-
lant valve when exposed to the unpressurized vibration levels
which is the most severe environment. The valve assembly can
now meet or exceed the specified unpressurized vibration require-
ments and can satisfactorily pass all functional tests following the
vibration tests. Three bipropellant valve assemblies of the im-
proved design will be delivered to the Marshall Space Flight Center
for further evaluation.

e 2_1 [ —
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Figure 2.0-1. Flat Spring Flapper-Button Motion Restrictors
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Oxidizer Nozzle

Fuel Nozzle

Figure 2,0-3, Teflon Seat After Test S/N 45 Valve
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FIGURES

Model 52-147, S/N 238, Axis A, 4/20/67; 10 g input to
valve. Accelerometer located on oxidizer inlet in input
direction '

Mode} 52-147, 5/N 238, Axis A, 4/20/67; 10 g input to
valve. Back emf vs frequency

Model 52-147, S/N 238, Axis B, 4/20/67; 10 g input to
valve., Accelerometer located on side of oxidizer inlet
in input direction.,

Model 52-147, $/N 238, Axis I3, 4720/67; LU g input to
valve, Back em{ vs frequency

Model 52~147, S/N 238, Axis C, 4/20/07, 19 g input to
valve. Accelerometer tocated on oxidizer inlet in input
direction.

Model 52-147, S/N 238, Axis C, 4/20767; 10 g input to

o
valve, Back emf vs frequency

sodel 522147, Torque Motor Study, Axis A, 3/25/67;
b g and 20 g input. Accelerometer jocated on top pole-
plece in inpuat direction -

Model 52-147, Torque Motor Study, Axis R, 4/25/07;
10 g and 20 g input. Accelerometer located on magnet
in input direction

Model 52-140, Axis €, 5/2G/47. Wire armaturc motion
restrictors or free end of armature, 27.7 g rms input

4
Model 32-146, Axis A, 5/26/67. Wire armature motion
restrictors or free end of armature, 27.7 g rins input

s
Model 52-146, Axis B, 5/26/67. Wire armature motion
restrictors on free end of armature, 27.7 g rms input -

Reproduced from 2,
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FIGURES {cont'd,)

Model 52-147, Axis A, 6/7/67. Wire armature motion
restrictors on free end of armature, 27,7 g rms input

.Model 52-147, S/N 204, Axis B, £/7/67, Wire armature

motion restrictors on free epd of armature, 27,7 g rims
input

Model 52-147, S/N 204, Axis C, E\/ﬁf’b'f. ‘Wire armature
mqtirm rustrictors on free end of armature, 27.7 g rms
input

¥
Model 52X 147C, Body, S, 5 45, Axis C, 7/25%/67. Flapper
button motion fustrictm"a flat spring, 27 r

Model 52X 147C, Body, S/N 45, Axis A, 7/25/67. Flapper

button mation restrictovrs, flag spriay, 27.7 g rms inpul

EY

Model 52X 147C, Body, §/N 112, Axis C, 8/12/67. Flapper

button motion restrictors, flat spring, 27.7 g rms input

Model 52X 147C, Body, S/N 112, Axis A, 8/12/67. Flapper

button motion restrictors, flat spring, 27,7 g rms input

Muodel 52X 147C, Body, S/N 112, Axis 3, 8/12/67. Flapper

button motion restrictors, {Jat spring, 27.7 g rms input
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PHOTOGRAPHIS

Medel 52-1478, S/N 238; Test Sctup Utilixed to
Determine Valve Mounting Frequencies

Model 532-147B, S/N 238; Test Serup Utilized to
Determine Valve Mounting Frequencies

Model 52-1478, S/N 238; Test Sctup Utilized to
Determine Natural Frequeney of Armature-Flexure

Sleeve Assermbly

Al
Model 52-147B Torque Motor Test Setup Utilized to
Determine Natural Frequency of Torgue Motor

Model 82-147 "Wire"” Armature AMotion Restrictors

Model 52-147 " Flat Spring'' Flapper-Button Motion
Restrictors

Model B2-147, S5/™-45; Oxidizer Nozule and Fuel Nozzle

Model 52-147, 5/% 45; Fuel Button
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1,0

INTRODUC TION *

The bipropellant valvés, presently being built for Keaction Motors
‘Division of Thiokol Chemical Corp., do not meet the internal leakage
performance requirements of RMD Specification EC 20517 Revision K
after exposure to the vibration environment speciflied in parapraph

4. 7. 18, Moog was informed in late April that the bipropellant valve
must be modified to incorporate the necessary design changes to
insure passage of all performance requirements after exposure to
vibration testinyg.

This report documents te:t data obtained during vibration evalustion

of the existing valve design and of the various design concept- developed
to eliminate the vibration problem. The purposc of these tests was ta
obtain information on thy resonance behavior of the valve body and the
torque motor armaturc-flexures sleeve assembly and the effect of
certain modifications - on this behavior.

The tests presented in this report were conducted in the Moog Reliability
Engineering Luboratory durinp the period of April 20 through August 11,
1967, and were authorized by Moop Job CGrder Number 1766723,

Repro
best @
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SUMMARY

Two test specimens, modified by the addition of a flat spring motion
restrictor to each flapper-button, completed all vibration and perform-
ance tests without malfunction, Vibration testing was conducted with

the valve mounted on the RMD thrust chamber (P/N 317555), in accordance
with paragraphs 5.2.2 and 5. 2.3 of Moog Report No, MR 1144, Rev, B,
The vibration input was controlled at the thrust chamber test fixture
mjounting surface. The test specimens were unpressurized during vibra-
tion.

The first specimen tested, Body S/N 45, was subjected to 50, 000 cycles
after completing all vibration testing. The nozzles were then removed
from this specimen and visual examination of the teflon seat revealed
negligible teflon wear, (See illustration 8 of this report). The second
specimen, Body $/N 112, was disassembled following vibration testing
and visual inspection again revealed nepligible teflon wear.

The test specimens ulilized for this evaluation are identical to the

Model 52-147B configuration with the exception of the addition of the
button motion restrictors, Review of the performance data recorded

for these two specimens (see section &. U} indicates that the modified
valve configuration meets all the specification performance requirements.
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3.0 TEST SPECIMENS:

The following bipropellant valves were tested:

a.

L.

Model 52:- 1478, S/N 238, unmodified except motor cap
removed and body slatted to permit observation of armature
and flapper button. N

Model 52-147B Torgue Motnr consisting of bottom and top
polepizces, magnets, and fgur screw:.

Model 52-147B, S/N 238, modified by jamiming armature
with wood.  Same as item (&),

Model 52-1478 modified by removing both polepieces and
magnets,

Madel 52-147B, S/N 238, same as itomn (1), modified by
the addition of armatare motion re=trictors.  Wire restraint.

Node) 52-147B, S§/N 238, same as it m (4}, modified by the
addition of arnnatutre motion restricturs, Set screw restraint.

Model 52- 146, modificd by the addition of wire armatiure motion
restrictors on free énd of armature.

Model 52-147 &/N 204, modificd by the addition of wire armature

motion resfrictors unfree end of armature.

Model 52-147, modified by the additinon of wire armatuare motion
restrictors on both ends of armature.

Model 52-147. modified by the addition of a ﬂapper—buttunv
motion restrictor. Flat spring. The nozzle assembly was not
installed in this valve. -

Model 52- 147, S/N 45 modified by the addition of a flapper-
button motion restrictor. Flat spring.

Modé€l 52-147, S/N 112 modified by the addition of a flapper -
button motion restrictor. Flat spring.



MOOG inc. " MR 1216

TEST OUTLINE

An outline of the tests performed is presented in Table 1. This
outline .presents a tabulation of test procedurcs and results
repévted in chronclogical order. Test specimen configuration

is identified in accordance with the itemized description prescoted
in parvagraph 3. .
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TEST METHODS

Vibration System and Fixturing

™~

All tests were pcrfurmed"using a ‘Unholtz-Dickie Model 200
shaker driven by a 10 KVA amplifier. Vibration control was
bya B & K 1018 controlle r, with gh Endevee 2221C accel-
erometer filtered by a Spectral Dg':amiy.\ SDIOLA Tracking
Filter, bandwidth 20/ 100 He with 280 Hz cressover frequency.
An Unholtz-Dickic 610R Dial-A-Ggain accelerometer amplificr
was also used.

The bipropellant valve was mounted to the shiker by means of
a nearly cubical aluroinum test fixture {(Moov No. T12)84-2),
approximately 5 in, fong x5 m, wide x 5 in. dveep. Valve
mounting holes were provided onstwe edges of this block to
permit mounting the valve in the three majer mutaally perpen-
dicular axes. Acceleration wis controlled from the top surface
of this fizture.

lnstrumentation

Two methods of detecting and measuring resonances were
employed in the course of this tegt. ’
‘

Reproduced from
begi available copYy.

Visual

A QGaervtner microscope with reticle graduated Wn 001 in.
divisions was employed, primarily to observe motion of )
the ¢od of the armature between the polepicces., A Chadwick-
Helrmuth $lip-Sync Stroboscope was uscd to illuminate the
valve. ; '

\
In genaral, motion of about .'0002 inches double amplitude
are discernable by this method.
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o

Coil Volta ge

Motion of the armature induced by applied vibration results
in an e. m. {. beinp gencrated in the torque inotor coils. Thi-
fact was used to detect resonances by making an automatic
X-Y plot of coil voltage vs. vibration frequency, The valve
coil was connected to 2 Moseley 60D Log Converter and an
Electro-In-truments 400 X-Y plotter. Frequency signal

was provided hy the B & K 1018 Controller.

This method of detocting torque muetor resonances appears
to be guite sensitive, especially compared with the visual
method described above. Limitations which should be
observed in interpretation of these pluts center around the
hazards of comparing the amplitude of the voltage at various
resonant frequencies.  Voltage amplitude is dependent on,

in part:
. Relative velocity of the armature ang polepiece
2. Angle at wnich lines of flux are cut B a——

10—|

3. Mode of resonance trelated te (2) above)

s .
It can be scen that a thoronsh knowledee of the dynamic

Reproduc_ed from =
est available copy “\\:
O

o~

. s ) <. : .
behavior of the torque: motor under vibration would be required

to interpret the significance of the amphitudes recorded.

15
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5.3 Vibration Levels

Select test specimens were subjected to the vibration levels specified
helow while installed on the RMD thrust chamber (P/N 317555). These
levels are in accordance with Moog Report No. MR 1144 Rev, B,

a, Sinusoidal Vibration

1,  valve unpressurized ‘
2, sweep rate - 2 ovtave/min, per axiy
3. level: i
5 - 58 cps 0,031 inch DD.A.
58 - 150 cps 5.4 g peak
150 - 295 ¢ps U. 0049 inch D. AL
295 - ZUD0 cps 21.8 ¢ peak
b.  Random Vibration
1.  wvalve unpressurized
2, B ominutesiaxis
3, lewvel
10 - 110 ¢ps 0. 055 gz,"vpi 4t 10 eps increasing
3 db/octave to 0,62 g'“’; cps at 110-cps
110 - 1000 ¢ps flat at 0,62 gi/'cp:s
1000 - 2000 cps decreasing linearly on leg-log coordin-

ates from 0.£2 g2/cps at 1000 cps to
N 5.
0.3055 g%/eps at 2000 ops

16
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Reproduced from
best available copy.

Model 52-14TB - S/N 238
Test Set-Up Utilized To Determine
Valve Mounting Freqguencies

17



MOOG inc. MR 1216

e

Reproduced from
best available copy.

Model 52-147B - S/N 238
Test Set-Up Utilized To Determine
Valve Mounting F'requencies

18



Reproduced from
best available copy.

Model 52-147B - §/N 238
Test Set-Up Utilized To Determine
Natural Frequency of Armature-Flexure Sleeve Assembly

-
pN e

MR 1216



MOOG INC, MR 1216

Reproduced from
best available copy.

Model 52~147B - Torque Motor
Test Set-Up Utilized To Determine
Natural Frequency of Torgue Motor

20
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Model 52~147
"Wire! Armature Motion Restrictors

21
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Model 52-147

"Flat Spring' Flapper-Button
Motion Restrictors

22
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Model 52-147
8/N 45 Oxidizer Nozzle
10X

Model 52-147
S/N 45 Fuel Nozzle
10X



MOOG inc. MR 1216

Model 52-147
S/N 45 Fuel Button
15X

24
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TEST DATA

[ncluded in this section are the results of all performance and |
interval performance tests and all vibration X-Y plot: generated !
during the Evaluation Test Program.



Model Number #2147
Serial Number 204
Date 6/3/67

INITIAL J,PERFORMANCE

.

Specimen Designation Letier

Tested By:
On Time

MR 1216
Sheet ] of 3

—B

Cycles

?rou
Par, No.
MR 1144

Conditions & Measuremoents

Lirmits Test Result=

}Zlc-c;ricél

Resistance

a, - Coil’
Resistance

¥

. 1. .
Meusure and Record

Ambient temperature
CPrimary coll resistance

Secondary coil resistance

ahms

ohmes

Response 5, L5 -

Time

Measure opening and

closing response from

oscillograms. Inlet pres-
sure at 310 psig for pri-

mary coil, at 360 psig

for secondary coil.

Primary coil-0, 80

am pf_‘, Tes

Sec ondary coil-0, 44

amperes

Primary and Secondary

an above,

Cprimary
spen 9msec

close 5 mesec

secondary  open

viose Smsec open 48
clase

open

SLES

8.0
open 50 msec ciose 2,7

msec.,
msoedc,

TiEeC,

Flow Test 5. 1.6

Fuiu-tional
VI-KIS‘-
Pull-in Voltage 5.1.7.1.

Measure flow and pres-

sure drop with inlet of | -

" 310 psig.

Preas
Drop

Flow clb. /scce.

Fue! Oxidizer

15

25
30
35
40

inlet pressure at 36
Meagure

nunitmum v

L1085 . 1332

L1279 1606

14331 1811

| 1987
| - 2163

L1974 2311
0,144 0. 179

25,0 24,75

~
y

&

:ig,

ape

required to open valve 10
cinsecutive times at 0,25

.cps.

v

26

Amps

<29voits Pri

.48

Sew

. 39

Raoth

.30
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‘-Sheet 2 of 3
T UINITIAL . PERFORMANCE
?\'{%‘::rlt«i Noarmber. ,52_-_\],".:,7-‘ : o Sé@*g‘ime'g‘. Designation Letter
3e rm] Nuniber” S 204 - B ) 'l‘f";azte'd By C.
Date i é/}lb? R - - ORTimve | - Lyclen
o v+ Proc : -
Test , Par. No. Conditions & Measurements Limits Test Results
MR 1144 e
i - 1]
Irop-~out 5.1.7.2 Inlet pressure at 166 psig >1.0 volts - volts Amps
Voltage ) ©  Measure maximum voltage
at which va:lve closes Pri 2 50 152
Sec  4.13 4
Both 1.5} .10
= - — , »
External 5,1,8 Apply 360 psig helivm <10 e/
Leakage pressure to the oxidizer sec,

inlet with both return

ports blocked., Energize

valve to allow helium to

enter all oxidizer chambers.

Block fuel inlet and measure ’ Freon Immersion
external leakage no leakage

- 4

Open fuel inlet and measure
external leakage

: A
Apply 360 psig helium press-
ure to. fuel jnlet with both re~
turn ports blocked. Energize
valve to allow helium to enter °
all fuel chambers. Block oxi-

"~ dizer inlet and rmeasur= external
leakage. S

Open oxidizer inlet and mea-" <107 ¢c/

sure external leakage. : cec.

27
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Sheet 3 of 3

INITIAL, PERFORMANCE

viodel Number 52-147 Specimen Designation Letter
erial Number Z 04 L Tested By: -
date 6/3)67 O ' On Time Cycles

N . 4 ’ . ° 'S
.Y . . . R I

& - . [

“Test - Pro{-j' Co;lditions & ‘Measurements Limits Test Results .
L . -Par, No, : ;
. — " MR 1144 :
Lite#hat- . 5. L9+ Measure owkle} poxt leakage ,
Levgkaée ' T with inlet pressures of 50 50 - 360
and 360 psig Psig Psig
Fuel none - none
Oxidizer none - ‘none
: Cycle valve 180 times and 100 o~
repea. above tests, L
Fuel none nane
Oxidizer none none
Feverse Seat Apply 20 psig to outlet ports 30 cc/ Fuel nane
Leak Measure leakage at the inlpt hr, Oxidizer none
port o

Z8



MR 1216 -

L o . Sheet 1 of 1
POST, SINUSOIDAL VIBRATION PERFORMANGE
‘Mo tel Number 52-147; Specimen Designation Letter
WSearial Number 204 . " Tested By: . )
Date 65767 1 On Time * Cyclas -
. L Préc. .' B cont Resuli
lest . Par. No -Ceonditions & -Meas?rgmcnts Limits Test Results
s MR 1144 . . ' v N ' . "
Internal- ‘ 5. 1’9 - Measure outlet port leakage .
Leakage | with inlet pressures of 50 50 380
’ < and 360 psig. ‘ ~ Peig - - Psig
Fuel none - none
Oxidizer _none .- nohe
Cycle valve 100 timee and
repeat above tests,
. ,  Fuel none none
. k Oxidizer none none
“‘Re‘rerse Seat - | Apply 20 psig to outlet ports 30 ce/ Fuel none
Leak ’ 'Measure leakage at the imlpt hr. Oxidizer none
port C m—————

49



MR 1216
Sheet 1of 2

" POST AXIS A RANDOM VIBRATION PERFORMANCE

.
¥

L

Model Number 2-1477 .- Specimien Designation Letter
Sarial Number 204 : Tested By: s
‘Dite 6/1/67 . On Time Cycles
o ! x
". ] M
Tent 'P-.“')‘“ Conditions & Measurements Limits Test Results
R Par. No. ) ® i

s S ME 1144 - . .

Int zrnal 5k Measure outléet port leakage .
Leakage with inlet pressures of 50 50 sl 360
: and 360 psig, Psig Bilg

Fuel none - * npne
Oxidizer __none .- - none
Cycle valve 100 titnes and .
repeat above tests, 5
Fuel none ) noepe
Oxidizer | none none
Reverse Seat Apply 20 psig to outlet porte 30 cc/ Fuel none
Leak ‘Measure leakage af the inlgt " hr. Oxidizer

port

30

noepse -



Model Number 52-147
Serial Number 204

»

Date 617767

Specimen Designation Letter

Tested By:
On Time

4

MR 1216

) Sheet 2 of 2
POST AXIS A RANDOM VIBRATION PERFORMANCE

Cycles

’ |34 .
Test Pa i(';\m Conditions & Measurements
. .. .-MR 1144
Functional
Test

Pull-in Voltage 5. 1. 7.1

Drop-out
Voltage -

5.1.7. 2

Inlet pres sure at 360 psig
Measure minimum voltage
reguired to open valve 10
Consecutive times at 0., 25

CES

Inlet pressure at 166 peig
Measure maximum voltage
at which valve closes

31

Limits " Test Results

Volts Amps

<20 volts . Pri 6.98. | .429

Sec 13.5 , 409

Both 4. 19 . 264
Volts Amps

> 1.0 volts  Pri 2. 66 163

Sec 4. 14 . 129

Bothl. £5 . 102




MR 1216
Sheet of

POST AXIS B RANDOM VIBRATION PERFORMANCE

Specvimen Designation Letter
Tested By
On Time Cycles

Hodel Naomber  52-147
Lerial Nwgnber 204
Date /7167

7
i
- e NS AU U

Test* !?rm-, Condition- & Measurcmcnts Limits Test Results
Par, No.
e e MBS
Irternal 5.1. 89 Measure outlet port leakage
-eakage ' with inlet pressures of 50 50 360
and 360 psig. Psig Psig
Fuel none none
Oxidizer none none
Cycle valve 100 times and
repeat above tests.
Fuel 5.0 ¢¢/hr, 1ODE
Oxidizer 6.1 ce/hr. none
"HFeverse Seat Apply 20 psig to vutlet ports 30 cc/ Fuel none
Leak Measure leakage at the inlet hr, Oxidizer none
“port

32
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POST AXIS B RANDOM VIBRATION PERFORMANCE

Moydel Number 52.147
Se¢rial Number 204
Dite  6/7/67

Specimen Des{gnatién Letter
Tewted By:
On Time

Test

-Functional
Test .
Full-in Voltage 5. 1. 7. 1

Drop~out 5.1.1.2
Voltage

Inlet pressure at 360 psig
Measure minimum voltage
required to open valve 10
consecutive times at 0, 25
cps

Inlet pressure at 166 peig
Measure maximum voltage
at which valve closes

e ————— e =

Cygles

Limits

Test Results
Vblts Amps
<20 volts  Pri-p, 25 449
Sec 14, 0 431
Both 4 58 288
Volts Araps
5 L0 volts Pri 2 47° . 150
Sec 4. 08 L1228
Bnoth 1. 54 0



MR 1216

Sheet of
POST AXIS C RAMNDOM VIBERATION PERFORMANCE
Moc el Nutnber  &2-147 - I ‘ Specimen Designation Letter
Ser al Number .___2_"04 Tesxted By:
Dats  6/3/67 . On Time Cycles
———— 2
Prod c .. .
Test . Par. No Conditions & Measurements Limits Tust Results
e MR 184 —
[ .
ju%amngl 519 Measure outlet po¥t leakage
Leskage with inlet pressures of 50 5¢ 360
and 360 psig. Psig Psig
Fuel none none
Oxidizer none none
Cycle valve 100 times and
rzpeat above tests.
Fuel none none .
Oxidizer none none
leverse Seat ' Apply 20 psig to outlet ports 30 cc/ Fuel none
Leak Measure leakage at the ialet hir, Oxidizer none

port 1 ’
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MR 1216

POST AXIS ¢ RANDOM VIBRATION PERFORMANCE

Model Number 524147
Serial Number 204
Date {

specimen Deslignation Letter
Te-ted By:
On Time

Cycles

Test P?:.n;).o‘ Conditiuns & Medasuroments LAmits Test Results
MR 1144 .

. I . v,
Functional ' Vbits Amps
Test . . * . . :

Pull-in Voltage 5.1.7.1 Inlet pressure at 360 psig <20 volts Pri 6.6 .43
: ‘ Measure minimum voltage " Sec-}3.1 .41
required to open valve 10 Both4. ] .27
consecutive times at 0. 25
cps '
Volts Amps
Drop-out 5,1. 7.2 Inlet pressure at 166 psig *> 1.0 volts Pri2.62 17
Voltage Measure maximurn voltage Sec 4. 16 .14
"at which valve closes Boethl, 61 , 101

35




Sheet L of3

VIBRATION POST SINUSOIDAL & RANDOM PERFORMANCE

Model Nwaiheer. B2-147

)y oserial Narnber 204

Dote  6/8/67

Specimen Designation Letter

"Tested By

"On

Time

MR 1216

s ma——

Cycles

Proc.

Test Par. No.

MR 1144

Conditions & iMéasurements

Limits

Test Results

Electrical
Resistance
a. +iioil

. 5,1.3.1
Resistance

Measure and Record

. Ambient temperature

Primary coil resistance
Secondary coil resistance

AD -

v
foann s

Ch -

Qs

—
.

Rerponse
Time

Measure opening and
closing response from
oscillograms. Inlet pres-
sure al 210 psig for pri-
mary cuil, at 360 psig
for secondary coil

Primary coil-0. 80
amperes
Secondary coil ~0.44
a amperes
Primary and Secondary
as above

primary
open 9 msec
close 5 msec

secondary open

8
open 50 msec close _ 3
close 5 msec open _ ¢

close

open
close

Flow~ Test

Fun::tional
T8t

Pull-In Voltage 5.1.7.1

Measure flow and pres-
sure drop with inlet of
310 psig

Press Flow-1b/sec
Drop Fyel Oxidizer
15 L1089 . 1336

20 L1277 1600
25 Jladn) 1818
30 15901 1990
35 1671 L2160
L2314
Q. 1i7¢

40 . 1980
26,75

Inlet pressure at 360 psig.

Measure minimum voltage
required to open valve 10

consecutive times at 0,25
cps.

3

Amps -

<20 volts p:i

Sec 14.

FRINS
-
Nel

Both

v
[o.5] M5
sl I




TERAZ16 Y
'gheé't 2o0f3

L VIBRATION H0ST SINUSOIBAL & RANDOM PREFORMA NCE

il

R
By b Nijnibe 7 52—

TS PRl Niemibiw™] ~Jbyg

D elesst T

e B W

Sprvimen Degignativn ‘Letter
i Tosted By . T -
On Timé

o _:C‘yn T

: .'Pal;’ro;l; Conditions & Measurements  Limits  Test Results
b MR 1144
Dr >p-out * - 5,1.7.2 . Inlet pi'essure at 166 peig > 1,0 volts Vaolts |, Amps
Vi Itage Measure maximum voltage -
] at which valve closes. Pri 2.47 .150
> ’ Sec 4. 05 . 128
' Both 1, 54 . 095
_ ad
Ext:rnal 5.1.8  Apply 360 psig helium <i0 cc/
Lekage pressure to the oxidizer ©osec.

inlet with both return

ports blocked. Energize
valve to allow helium to
enter all oxidizer chambers,
EBlock fuel inlet and measure

external le akage

Open fuel inlet and measure
external leakage
12

Apply 360 psig helium press-
ure to-fuel inlet with.both re-

tarn ports blocked. Energize’
valve to allow helium to enter
. all fuel chambers.
dizer inlet and measurs external

leakage. -

Open oxidizer inlet and mea-
sure external leakage._

39

Block oxi-

Freon Immersion
No Leakage

<10'%c/ V '

$€C, ' -




MRI216
Sheet 3 of 3

VIBRATION POST SINUSOIDAL & RANDOMN IPERFORMANCE

Stoded Number  52-147 ' Specimien Designation Letter
SSerial Number 204 Tested By:
Diate  6/8/67 Oo Time  ~~ Cycles
. ’ ) Proo. . . : . .
st ) . Conditions & Measurements Linvits Test Results
Par. No. ;

e B

Internal 5.1.9 Medsure outlet port leakage
Leakage with inlet pressures of 50 50 360
and 360 psig. Psig Psig
Fuel none 3one
Oxidizer none none

Cycle valve 100 times and
repeat above tests.

Fuel 5 cc/hr. none
Oxidizer 6 cc/hr none
Reverse Seat Apply 20 psig to cutlet ports 30 cc/ Fuel nonc
Leak Measure leakage at the inlet hr. Oxidizer none
port

38



Medel Numbes
Serial Numher

MR 1216

]

Test

El"i:cf;trirai
Resistance
a’ Coil

Sheet of
POST 50, 000-CYCLE PERFORMANCE
LV S Spevimen Designation Letter .
204 Tested By: o
Date  6/8/67 On Time __* Cydles
p!'u\ N . . . . e N
Con:litions & Measurements Limits Test Results
Par. No. .
— e MR LM44 L —_
: i’I Measaure and Record
i Ambient temperdture o - °
Primary coll resistance AB - Ohms_'.
5010301 Secondary coil resistance CD - chmsg

Resistnce

Regponsc
Time

Flow Test

Farctionnd
Teat

Pili-in V Lﬂt}sgt" ¢

Measu re opening and
closing response from

® B > v VY s v
L oscillograms. Inlet pres- pramar:
sure at 310 psig for pri- wpen Yinsece
mary coil, at 360 psig Close 5 omsec
for secondary coil,
Prinwery coil-0. 80 secondary open & 0 msec,
AMperes cpen S0 miseccioge 3,02, meEec,
suevondary coil-0.0 44 rioxe Sm~ce epen 84, 0
amperes at 340 psi oy .0 g
Primary and Secondary open 6.6
as above, ) close 303
5. 16 Mearure flow and proes-
sure drop with intet o
310 psig. o
Progs Flemw -ibe /xec,
Drop el C
15 1105
20 283 :
25 144
30 -, 1583
35 L17291
40 1852
0. 144
2
'25. 0 24,75 Volts Anaps
. : i
501700 Inlet pressure at 3o0psig, (L‘:p\;gllé Pri 7. 98] . 496
Measure minimum voltage “Ger 12,70 G
ré‘CIn)rvd_t.u ()}‘)Gn villve 10 Both 5. 00 315
conseculive tines at 0,25

cps,

39




Fe

Sheet of

| POST 50, 000 CYCLES PERFORMANCE

Sprecimen Desipnation Letter

St i Noniber  52-147
CeriaiiNianbor Tested Bl .
Prate On Tinaw .Cyg tes
Test Proc. Conditions & Measurements Limits Test Results
Par, No. .
- MR 1144
D rop-out 5.1.7.2 Inlet pressure at 160 psig “1, Dy olis Volts .}‘\A‘n\ps‘
‘'oltage Measure maximum voltage ) .
e at which valve closes Pri ’ 2.09 131
v . Sec T T37ZZ 08
Both ). 24 . 071
E:tternal 5,1.8 Apply 360 psig helium <10'.4¢¢/
Leakage pressure to the oxidizer sec

inlet with both return

ports blocked. Energize
valve to allow helium to
enter all oxidizer chambers.
Block fuel inlet and measure
external leakage

Open fuel inlet and measure
external leakapge

Apply 360 psig helium press-
ure to fuel inlet with both re-
turn ports blocked. Energize

valve to allow helium to enter
Block oxi-

all fuel chambers.

Freon Immersion
No Leakage

dizer inlet and measurs external

leakage.

5 ;
Open oxidizer inlet and mea-
sure external leakage,

40

<10 %cs
SEC.




MR L2116

Sheet of
- PrsT 50,000 CYCLES PERFOR.’\{‘.%NCE
Fodel Number 52-147: ' Specimen Designation Letter
ferial Number ' Tested By: o
Date ' : . On Time Cycles
Test Proc- - conditions & Measurements Limits T st Ree‘ult;} o
i Par. No, i : e s iy !
- MR 1144 ' L
Interngl s Lo Measdre outlet port:lealkage
leakage with inlet pressures of 50 50 . 360
and 360 psig. Psig . = Psig
Fuel 26 ge/hr. 1. 2cc/hr.
Oxidiger 22 co/hr. 85. 2¢c/hry
Cycle valve 100 times and
repeat above tests.- )
Fuel 4 ¢elhx.  5ccfhr
Oxidizer | 12 ¢cgfhre, 41 cefhr,
— o - —
R=:w}e\yse‘5eat ) Apply 20 psig to outlet ports 30 cc/ Fuel " 0 cc/hr

Leak Measure leakage at the inlet . hr. Oxidizer g 0 cc/hy,
port: .

41



MR 1216

1 enBrd

wn

e

2
-8

Ay

mw‘mmmﬁczuﬁmwﬂl :

Foaaxtp ndut ur 38yl

DTS

IHZIPIRG UG PBjRD

~€T 437AUICIHIAD

aatuea o1 1ndur E

L0 Y ¥ OSIRY
BEY N/S

LP[-2y (2pOIN

B

I+

i

52 [ 9




MR 1216
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MR 1216

Sheet 1 of 1
INITIAL PERFORMANCE
Fodei Number _53.; 146 Speeimen Designation Letter
erial Number: . Teoted By: B
Liate  5f26/67 .. - On Time ] Cyules
o Proo, iy c . .
Lest . Conditions & Measurements Limits fest Resuits
Par. No. N ‘ ‘
e e . MR 1144 - et R
It terhal 5. 1% Measure outlet port leakage )
_eakage with inlet pressures of 50 50 360
and 360 psig. Psig Psig
Fue] : none none
Oxidizer none none
Cycle valve 100 times and
repeat above tests.
Fue) noae none
Oxidizer none none
Feverse Seat Apply 20 psig to outlet portg 30 cof Fuel none
Leak Measure leakape at the inlet hr, Oxidizer none

port

50



~'POST SINUSOIDAL VIBRATION PERFOR\A NCE

dndel Numbher  52-146
Sderial Number

‘MR 1216 -

Specimen Designation Letter

Tested By:

Sheet lof 1

ate. 5‘/2‘6/67-_ ) On Time 3 Cycles _
T - Prog. . L . ! : o ot
Text Par. No Conditiuns & Measurements Limits Test Results
— MR 1144 et Y
Irternal 5.1.9 Measure outlet port leakage
" Leakage with inlet pressures of 50 50 360
and 360 psig. Psig Psig
" Fuel none none
U Oxidizer none none
Cycle valve 100 times and
repeat above tests.
Fuel none none
Oxidizer none none
!Reverse, Seat Apply 20U psip to outlet ports 30 cc/ Fuel none
Leak Measuré leakage at the inlet ht, Oxidizer none
: port ’ ’

51




MR 1216
Sheeot | of 1

POST F.ANDOI\JI VILDRATION PERFORMANGE

Model Number 52-146
Sewial ,Numbcr )
Iate 5/26/67

Specimen Designation ljettes e
Testad By: .
On Time Cycles

Test pP.rm'. Conditions & Measurements Limits Test Results
ar, No.
_ MR 1144
. ' A SO
Internal 5.1.9 Measure cutlet port leakage
i.eakage with inlet pressures of 50 50 360
and 360 psig. Psig Psig
Fuel rone none
Oxidizer, none 1 none
Cycle valve 100 times and
repedt above tests.
Fuel 35 ¢cc/hr. ;| none
" Oxidizer none - none
R:verse Seat Apply 20 psig to outlet ports 30 cc/ Fuel none
Leak Measure leakage at the inlet hr. Oxidizer none.
port '
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‘2Model Number_52-147
ferial Number 48
Date 7/19/67

INITIAL

PERFORMANCE

Specimen De signafiou Letter

Tested By:

On Time

Cycles

. Proc.
Test
MR 1144

Par, No,

Conditions & Measurements

Limits

Test Results

Electrical
Fesistance
Coil

Resistance 5.1.3.1

Pl

Measutre and Record
Ambient temperature

Primary coil resistance
Secondary coil resistance

o

AB

ohms

CD

ohms

Fesponse 5.1.5
Time :

Meagsure opening and
clesing response from

oscillograms. Inlet pres-
sure at 200 psi% for pri-
mary coil, at 200 psig
for secondary coil,
Primary coil-0. 80

amperes
Secondary coil-0, 44

amperes
Primary and Secondary
as above,

primary
open 9 msec
close 5 msec

secondary open

open 50 msec close
close 5msec open.
close

Flow Test 5.1.6

Functional
Test .
Full-in Voltage 5.1,7,1

Measure flow and pres-
sure drop with inlet of
310 psig.

Press
Drop

Flow - 1b. /sec.
Fuel Oxidizer

15
20
25
30
35
40

10391 . 1097
L1750, 1306
L 13504 R
. 14804 . 1607
L1606 .1748
1727] .
D.1441 0,179

28.25 36.50

Inlet pressure at 200 psig
Measure minimum voltage:
required to open valve 10
consecutive times at 0,25

cps

59

<20 volts p v

* ettt penetarsaan

Volts

3,82

Amps

2849

Sec

3.79

194

Both

3,190

ALK




Model Nurnher 500 147‘

Sheet 2 of 3

INITIAL PERFORMANCE

Specimen Designation Lette -

Serial Number =~ 45 Terted By _.”____‘._T__
yate  "17119/67 OnTime  —  Cydles
Proc, . o ern -
Test Par No Condition~ & Measurements | Litnmits Test Recoits
— MR 1144 e e e e vt b
I ‘rop-bui ' 5, 1.7.2 Inlet pressure at 166 psig S Ovolts Volts .;‘\m})s
Voltage Measure maximum voltage ! B
. at which valve closes .
| . Pri 1,43 087
see 2,29 071
Both .84  _.054
: ' . : -4
E gterual . 5. 1.8 Apply 360 psig helium <10 “ec/f
i JaakAge pressive to the oddizer sec.

iglet with botii reiurn
ports biocked, Eaergige
valve to allow halium to

enter 4}l oxidizer chambers,
Block fuel inlet and me :sure

L] N .
exteraal leakag-

no leakage

Freon Immersion

a

Open fuel inlet and measure
external leakage

Apply 360 psig helium press-

ure to fuel’inlet with both re-

turn ports blocked. Energize

valve to allow helium to enter

all fuel chambers. Block oxi-

dizer inlet and measure external

leakage, . o

Open oxidizer iplet and mea- <10 %c/
sure exterhal leakage. sec,

60



Model Number 32-147

INITIAL PERFORMANCE

Sheet 3 of 3

Specimen Designation Letter

Serial Number 45 Tested By
Date 7/18/67 On Time Cycles
o Proc, 7 T
Test Par. No, Conditions & Measurements Limits Test Results
',T MR 1144
Internal 5.1.9 Measure outlet port leakage
Leakage with inlet presgurcs vt 50 50 460
and 360 paay. Paiy Psiy
Fue) pane - m' 'n‘
" Oxidizer . mone none
Cyele valve 100 tirmds and
‘repeat above tests
Fuel __nons none
Oxidizer

.none . GBODE

Reverse Seat
Leak

Apply 20 psig te ontiet ports

Measure leakage at the inlet hr,

port

&l

Vuel  ‘none .
Oxidizer none



. Sheél  of

. " POST AXIS C SINUSOIDAL VIBRATION PERFORMANCE

Aodel Number 52-147 Specimen Designation Letter
Jerial Number 45 Tested By
Date 7/19/67 On Time Cycles
. P T ¥ i .
LEUET L LY Proe, . . o : . :
- Test Par. No. Conditions & Measurements Limits Test Results

Vi

MR N 9 Méasure: outlet port lcakage

with.inlet preesures of 50 50 360
- and 360 psig. _Peig Paig
- Fuel _mone . _nome._

O’udxz_?r - __mane . one

Cycle valve 100 tiraes and
répgat above teats.

R R I ‘Fuae) nome____ o
L I Oxidizer none none
L . . , ' S e
T ) . - A \
ie‘ve?'iif Seat Apply 20 psig to outlet norts 30 cc/ Fuel none
. Leak Measure leakape at the inlet S N Oxidizer  none .
‘ ) port )

b2



sheet 3 of 3

POST AXIS A SINUSOIDAL VIBRATION PERFORMANCE

Jodecl Number  52-147 Specimen Designation Letter
sericl Number 45 Tested By:
Jate 7/20/67 On Time ‘ Cycles
Proc.
est Par, No, Conditions & Measurements Limits Test Results
MR 1144
nferiai 5.1.9 Measure outlet port leakage
lLeaage with inlet pressures or 50 51 360
and 380 psig, CPeip Psig
Fue! _..pone . none
Oxidizer ..none_.__nope
Cycle valve 100 times and
repeat above tests,
Fuel __none none
Oxidizer _..nome  _none
leveye Seat Apply 20 psig to vutlet ports 30 ce/ Fuel  none
Leuak, Measure leakage ut the inlet hr, Oxidizer none

port

63



Shéet 1l of3

Ai'

pqsr SlNUSOIDA;_. VIBRATION PERPORMANCE -

Mlodet Num‘w 5. 147 Tl T T Spe Cimen Dem;‘ﬁahun Letter
. . R ted B '
& rial Numhu 45 s Lo é‘ Hl” R T ‘
‘ Intf 7/20/67 She n .Ame LA
. . f 4
Sl ap N ; !
; "'IF*’;‘Q." Pd::‘;‘kt v »C‘Ondi‘linhs & Measurements . Liﬂll'ts Test Results
N e P 7 N
PN ¥ RS . : v
Ele ctrical : Measure and Record . ,
Reuistance Ambient temperature - *1
a. Coil . Primary coil resistance AL - ohms
Resistance |5.1.3.1 Secondary coil resistance CD - chme
N . ¢
L N .
,'} e c B rMeasure opening and
) X ‘closing response from .
Re >ponse ce 0815 ofeillo Ea_ms, Inlet pres- primary .
Time : * o sure at 200 prig for pri- open 9 msec ;
mary coil, at 200 pei .
for ﬁeconciary coil. g close 3 msec
Primary coil - 0,80 secondary open _ 4.2 msetc,
amperes open 50 msec close _ 2,8 __msec,
Secondary coil - 0. 44 : close 5 msec open 6,3 _MEEC,
amperes close 1,3 msec.
@ Primary and Secondary open _4,1 _msca,
' as above, close 0 msec,
Flow Test 5.1.6 Measure flow and pres-
Ca : : : sure drop with inlet of
, 310 psig
' Press Flow-1b/sec
Drop Fuel Oxidizer
15 L0174 1113
200 11931 L1309
.- 25 L339 L1462
. 30 «1469] L1607
.35 -1586 ) 1751 .
1 1686 :
. R R J 0,144 0,179
FuIE:?tional ' v Z-9°,0 -32'0_ Velts .Amps
est S ‘ .- -
Puli-in Voltage: 5.1.7.1 Inlet pressure at 200 psig <20 volts Pri 3,50 W 226°
. Measure minimum voltage ‘ Sec . §.77 . 194
~ required to open valve 10 Both 2, 24 148 .
_consecutive times at 0.25 —"T‘!""""‘“""'—'g"‘"

cps.,

64




M odel Number 52-147

POST SINUSOIDA L VIBRATION PERFORMANCE

Specimen Designation Letter

Sheet 2 of 3

-

Sirial Number 45  ° Tested By! L .
]j?y;ér 7/20/6% . Qn. Time _ o Cycles P
: ’ L] r
- e o e e e e e e = e o <o+ A e e e e 8 w3 b
* .
Z*I ) . Proo . N L . .
;dest Par. No Conditions &k Measuremcents  Linute Teet Results
T T MR 1144 . . e e
e i , e
gg?i'apwm& 5,172 ' Inlet pressure at 166 paig ~1, O0volts Volts Amps
Pblage Yo * Measure maximmum voltage

at which valve closes

b
Co%

5 1.8, Apply 350 psig helium
L7 pressure to the axidizer
inlet with both return
ports blocked. Enerpize
valve to allow helium to
vater all oxidizetr chambers,
Block fuel inlet and m« 2sure
_feﬁternal leakage

- Apply 360 psig helium press-
uyre $o fuel inlet with both re-
firn potte blocked, Enerpize
valve to allow helium to enter
A} fuel chambers. Block oxi-~

Pri_ 1,21  ,075
Sec 1.87 L0062

Both .62 039
-4
<10 “ec/
s&eC., ’

Freon Immersion
no leakage

dizer inlet and measure externa)l

leakage, :

- *
Open oxidizer inlet and mea-
sure external leakage.

65
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Sheet 3 of 3

" POST SINUSOIDAL VIBRATION PERFORMANCE .

Model Number. '52_147

Serial Numbes.,

. ¢
e, i

Specimen Designation Letter
Tested By:

_ Date 7’/2”0\;157 On Time Cycles,
L . 4 " "kf"‘ . , B .
= : P 2 ,
.. » Preec, - . .
“¢.. Par. No. Conditions & Measurements Limits Test Results
“.. MR 1144 . . .
5. 1. of . Measure outlét porfidakage . .
o with iftlet pressures of 50 50 © 360
i and 360 psig. Psig Psig
) Fuel . . ___none Bgng
) Oxidizer none none
\ ' .. : s
_Cycle valve 100 time and -
pepéat above tests. :
” . - Fuel Lo.hope . none
(R . Oxidizér none.__*_none
. .
Reverse Seat Apply 20 psig to outlet y;cg rts 30 cc/ Fael ¢ 5
" Leak T ‘Measure leakage at the inlet _hr, r

port
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Flapper button motion restrictors

{flat spring

Model 52X 147C BRody S/N 45
27.7 g rms

Axis C 17/25/67

e
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Figure 15
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Sheet 3 of 3

POST AXIS C RANDOM VIBRATION PERFORMANCE
te - ‘_’.' T '~ ‘, o * . .

Model Number __52-147 .~ . . . .. . Specimen Designation Letter_ > .

Serial Numbetr 45 ° faee T Tested By: : .

Date ;. T[RB/6T .- - R On Time . Cycles '

ol 4 r ,y" L R . . n

S fu Proc. V ' ) :

4 Te's.t LB Par. No. Conditions & Measurements Limits Te st Results
§ Mo MR 1144 s o : - e
ﬂf’ * N . . 'g R Lo

Internal - 5. 1.9 ‘Measure outlet port'lenkage

Leakage © U with inlet pressures.of 50 ' - 50 360
> . " and 360 psig. ’ Psip Psig

o .o Fuel, . none none

a e i Ogidize;r none none
2 l‘. Cycle valve [0 tirnes and

oL repeat above tests.

e t " ?uel ~_none , -héx'ié‘_

v.s - © Oxidizer . none ) none
”Reverse Se‘at : Apply 20 psig te outlet ports 30 cef Fuel none.

pes Leak Measure leakage 4t the inlet hr. Oxidizer- none

R A B e

. port . o {
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Model 52X147C Body S/N 45

7/25/67
Flapper button motion restrictors

flat spring

Axis A

27.7 g rms input

=




3he§t Jofd

POST AXIS A RANDOM VIBRATION PERFORMANCE

¥

I\v'.odél Number 52-147 ‘ - ' Specimen Designation Letter
§srial Number __ 4§ L . Tested By: .
Tate _ 7/25/87 : " .On Time ' Cycles
i
Proc. L V ! .
Test Par, No, Conditions & Measurements Limits Test Results
- MR 1144 )
T p
Inigrnal ©5,1.9 Measgure outlet port ]v:xkage‘ .
l.eakage . with inlet presaures ot 50 . 50 360
' and 360 psig. ) Psig Psig
Fuel : none ' ngne
Oxidizer 4 none . nene
Cycle valve 100 times and = , ‘
repeat above tests. - i
"Fuel none none
Oxidizer none none
>R4!VL:1"M' Seat Apply 20 psig to outlet ]1_|n!'ln 30 cc/ Fuel — pone
Leak Meisure ]gakage at the inlot hr. Oxacizer
por . BOone. ..

70



Sheset 1 of 3

VEBRATION POST SINUSOIDAL & RANDOM PERFORMANCE

" Wiodcl-Nun bet 52_147’

Kpecunva Designat on Letter

S rial Number 45 Tested By: i
Dte 1/26/67 On ‘I"‘.m? . Cyules _
- P—rm'. - S : . o . )
Test Par. No Conditions & ?\.fcas‘urom,_unts‘ . Limits Fest Resuits
— . MR 1144 ‘ o '
Electrical Measure and Record
Re:istance Ambient temperature - f
a. Coil Primary coil resistance AP - ohms
Resistance 5,1,3,1 Secondary coil resistance ch - ohm $
— Measure opening and d
) 5.1.5 clpsing response from )
Re:ponse i oscinoegéamn. lalet pres- primary
Time sure at 200 psig for pri- open 9 msec
mary coil, at 200 psi
for Zecondary conP 8 close 5 msec
Primary coil - 0. 80 secondary open 3.4 msec.
amperes open 50 msec close 4.9 asec,
Secondary coil - 0. 44 close 5 msec open 5,0 Imeecd,
amperes close, 4,4 ™M8ec.
Primary and Secondary open 3,2 Mmeec.
as above close_§ 2 msec.
Flo\‘h Test 5.1.6 Measure flow and pres=-
sure drop with inlet of
310 psig.
Press Flow - Ib/sec
Drop Fuel Oxidizer
15 1040
20 1200} 1, 1320,
25 - 1340 L1470
30 +1a700 L1605
35 ~15801 L1718
40 1690 j
0.144] 0,179
Fun :tional 29.0 -38.6 Volts- Amps
Ti:st
Pull-in Voltage 5,1.7.1 i:;let pressgr‘e at 200 psig. <20 volts  pyg 3..3.5 219
easjw.frz ztnmrrnurn Iroltage : Sec 4, 87 167
required to open valve 10 Bath '1, 05 . 070,

consecutive times at 0,25
cps.

71




' “Sheet 2 of 3
VIBRATION POST SINUSOIPAL & RANDOM PERFORMANCE.

."AM,:‘)dl’t“f-‘Nuﬁ'\;byér 52.147 speeunen Designation Letter

{_S‘qf‘r_iaLNurﬁber' 45 . o T ‘Tested By: | ) T
Ieiter - 9126/61 . ‘On Time T Cydies 4
»i}‘ ; . . L R
o4 Test Proc. Conditions & Measuremoents Limits Test Resuits
B . o Par.No. © . . d
s aa— MRl}Ai T
éi‘bpvoiﬁ' . 5, 1 7. 2 Inlet presﬁ:urn at 166 psig  ~ »l-Ovolts \ Volts Amps
TN sk ge Voo Measure maximum voltage o
L . ot which valve closes .
- e AR WIReR vatve fenes Pri 1,52 . ,096
: Seo 2,42 080
: Both .90 . .05%
: o : L -
i 5 1.8 Apply 360 psig helium <10 “ecef
akage - ' ppressure to the oxidizer sec,
. intet with both retutn
purts biocked. Encrgize
valve, to allow heliom to
_eater all oxidizer chambsra.
Block {uel inlat and measure . Freon Immersion
external leakage s no leakage L
Open fuel inlet and measure .
external Jegkage ' o
Apply 360 .pﬁig helium press-
ure to fuelinlet with both re-
torn poris’biocked. Epergize
* valve to alldbw heliutm torenter
all foel chambers. Block oxi-
"digef inlet and measure external
leakage. s
Upen oxidiger inlet e5d mes- <10'?:c/ ‘
fure extarnal lenkage. sec,

T2
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l. v;ﬂﬁa’xj;pxtgpos: SINUSOIDAL s." RANDOM PERFORMANCE

Sheet 3 of 3:

Model Number 52-147 Specimen Designation Letter
Serial Number 45 Tested By:
Date 7/26/67 On Time Cycles
: ur. . - . - B N M .. - . -
sy e R T -Proe, : .
. Test ‘7 Par, I:Io. Conditions & Measurements Limits Test Results
SO MR Ligd T . '
4 Fternal,, .- : 5.1.9. Measure outlet port leakage g N
¢ Leakage ~ 7 .. . with inlct pressires of 50 &1 360°
e o « 2P and 360 paig, " __»ifsi& Psig
' Fuel " ——_mone. _ nans
Oxidizef - ... none  mone .
Cycle valye 100 times and
repeat above tests, '
Fuel ~...hone  none
Oxidizer __._pone - none
'Reverse Seat “Apply 20 psig to outlct puorta 30 ccf bFuel _  pope
Leak .., Measure leakauge ot the intet hr. Oxidizer __ powg ©
L e p()!'? I» . R

.73



¢ BOST 50, 000.CYCLE, PERFORMANGE ..

l';\.d'nr i;"i YNPuii;‘m*i 52—]447547 - o

"Sheet 1of 3

S imen Dex; pnidtion Joette

consecutive times at ¢, 25

cps

74

Her -‘x'ir,’\_('unjhv'r: - _T-e‘:.-‘-!ftfi Ery
Dar - 7/26/67 L On Tinie ~ Cycles
) " B 1 N
' Proe, : - »
Test Par. No. Conditions & Ivieasuz‘enients Limits Test Results
o MR 1144
lectrical ) Measure and Record
.esistance Ambient temperature -~ °F
Cail 1 : Primary coil resistance AR - chms
R zsistance 5,1.3.1 ' Secondary coil resistance D - Hhr s
v . Mea_sure opening and
.esponse 5.1.5 . (:los'l'pg response from primary
Tinr e 4 oscillograms, Inlet pres- en 9 msec
sure at 200 psig for pri- oPp 5
mary coil, at 200 psig close 5 msec
for secondary coil. R .
Primary coil - 0. 80 secondary open _4,] = MECSG.
amperes open 50 msec close _4,2__ Msec,
Secondary coil - 0. 44 close 5 msec open _ 6.5 IDseC.
amperes close _3,9.. ™MSee.
Primary and Secondary open _4,0 nsce.
as above close _5,0  msec.
low Test 5.1.6 Measure flow and pres-
sure drop with inlet of
310 psig.
Press Flow - Th/sec
Drop Fuel Oxidizer
=T -
is 4 L2110
200 L 04 1281 o
¢s 1232 | 1420
30 21340 4 1536
33 1438 | L1645 .
40 isia i imas |
. "0, T44} 0.179 SN
. ' ‘ '
inctional 35,8 42,1 - Volte Amps
Test * . " :
1ll-i1 Voltage 5.1.7.1 Inlet pressure at 200 psig, <20¥olts  pri 3,12 1.201 -
l\{eaﬁure minimum voltage Sev . 4.71 T -
required to open valve 10 Both 1,32 |, 090




BOST 50,000 CYCLLES PL’RFORMAI\JC.E

Sheet 2 of 3

Modes | Numbcer 52_147. Spee men Desigriation Letter _ .
Serisl Number 45 Pested B o .
* Date 7/26/67 . On Time Cycles
Test Prm.: Conditions & Measuremoengs Limits Test Resusts
Par. No. . ;
MR 1144
,[j rop-out 5, 1. 7.2 Inlet pressure at 166 psiy >1. Ovalts Volts Amps
Toltage Measure maximum valtige
dat which valve closrs Pri 1,50 096
Sew 2, 50 . 082
Both .90 . 057
: : -4
¥ xternal 5,1.8 Apply 360 psig helium <10 eef
‘seakage pressure fo the oxidizer sec.

inlet with both return

‘ports blocked. Energize

valve to allow helium to
enter all oxidizer chambers,
Block fuel inlet and measure
external leakage.

Open fael inlet and measure
external leakage

Apply 360 paig helium press-

ure to fuelinlet with both re-
turn po¥rts blocked. Energize

valve to allow helium to enter
Block oxi-

all fuel chambers,

dizer inlet and mensure external

leakage.

Open oxidizer inlet and mea-
sure external leakage.

75

<10~%c/

sel.

Freon Immersion
nn leakage




Sheet 3 L')f. 3
. " ROST 50,000 CYCLES PERFORMANGCE -

Model Number _ 52-147 Specimen Designation Letter

Surial Number, 45 Tested By,
Date 7/26/67 Ou Time Cycles
. . — ‘
: I Tu = ) * .
Test Proe. Conditions & Measurements Limits Test Results
' Par. No. : : .. :
Iaternal 519 Measure outlet port leakage .
Leakage with inlet pressures of 50 50 360
‘ . - and 360 psig. Psig Psig
Fuel none non
Oxidizer ! noneé none
o ‘
. Cycle valve 100 times and
repeat above tests,
A Fuel none nene
Oxidizer . none none
[ SN
Reverse Seat Apply 20 psig to outlet ports. 30 o/ Fuel none
Leak Measure leakage at the inlet hr. Oxidizer none
port,

16



B2x1at o

CIMITIAL PER FD-R-MANCE

' Tewted By.

‘Sheét 1 of 3

+

' Speecimen Designation Letter™
R ’ ! —

- oh 'Ume

_Cyctes

Test -~ "Par. No Conditions & Measurements Limits Test Results
RS T ~
B .
Eliictrical Measure and Record N
Resistance Ambient temperature = F
a., Coil Primazry coil resistance AB =y hme
Resistance  5.1.3.1 Secondary coil resistance. ch = chms:
P AR . o .
- Medeure opening and
closing response from , '
Re:iponse 5.1.5 oscillograme. Inlet prea- primary
T me sure af 310 psig for pri- open 9 msec
mary coil, at 360 psig close 5 msec
for secondary coil.
Primary coil - 0. 80 secondary open 6_2_1‘13__‘._,. .
amperes open 50 msec dose__}_;é’m_ msec:
Secondary coil - 0. 44 close 5 msec open &% TmS#Cs
amperes close __ 1.2 m=ec,
Primary and Secondary open __ >t 0 mseg,
. ag above, close _.,-,L‘E. fnsec,
Flowv Test 5.1.6 Measure flow and pres-
sure drop with inlet of
310 psig.
Press, Flow - lb/sec
Drop Fuel Oxidizer
15 L losel Lilgl .
- 20 (12764 L1413 >
o 25 1435] 1581
30 15801 1740
35 WA7101 s 1887
40 L1823
0.1447 0,179
Fun itional 25,3 31.8 Volts | Amps
T::st . ‘
Pull-in Voltage 5.1.7.1 Inlet pressure at 360 psig, <20volts ® pay 4. %0 N 39i -
Measure minimum voltage s Sec 10,30 , 305
required to open valve 10 Both  3.70 2 23%

consecutive times at 0,25
cps.
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‘N,pd‘-l Numﬁvr 52X 147

S'i"!'xal Number g j]a
B - gya/ey.

INITIAL PERFORMANCE

Specimen Designation Letter G

Tested By:

Sheet 2 of 3

On Time

Cycles

Y S

Conditions & Measuremuents | Limits

’

Test Results

. I
i Prod,
?.)r”" 5 Par. No.
e MR M
Lo RS :
Dtsp-out .. . 5,1,7.2
Voltagé L
oo - ) Y
4 e
ey
o,

Islet pressure at 166 pEig >1. Ovelts
Measure maximum voltage
at which valve closes

Volts Amps

Pri 1,37 .080

Ses 1,97 . 060
Both 285 . _..049

Extsrnal - 5.1.8 ; Apply 360 psig helium <10-4cc1‘
Liakage i b pressure to the dxidizer sec,
inlet with both return
parte biocked, Energize

vaive to allow helium to
enter #ll oxidizer chambe rs.
Block fuel inlét and‘mt igure
external je akago

Open fuel inlet and measure
external leakage

Apply 340 paig heli:ur;x presge. *
uye to fuelinlet with both re-

#hrn potes blocked. Enedgize

vaive t6 allow heliuth to enter
all fuel chambers. Block oxi-
dizer inlgt 3nd measare external

leakage. i

Open ozidizer inlet and mea- <10-%C«/~
sure external leakage sec,

78




INITIAL < PEREFORNMANUE

Shtet 3 of 3
' ¢

}Model Number 52X147 Specimen Designation Letter _ C
flerial Number 112 Tested By
Date 8/8/67 On Time Cycles
T ——— e
~ Proc, ‘
Test fPar, No, Conditions & Measurements Limits . Test Results
N . MR 1144 : .
Iaternal 5.1.9 Meh,uure outlet po.rt leakage IR -
Leakage with inlet pressures of 50 50 t 360
D “and 360 psig. Psig Psig
. R . Fuel nene none
E N ' i Oxidizer ¢ ne
; . no m DONE
1
. ‘.‘i t o !
Cycle valve 100 times and
repeat above tests | )
Fuei . . none none
-y Oxidizer none none
-
Iteverse Seat Apply’ 20 psig to outlet ports 30 cc/ Fuel _ none
Leak *Measure leakage at the inlet hr. Oxidizer 15 co/hr

port.
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POST AXIS C SINUSOIDAL VIBRATION PERFORMANCE

<

IModel Number = 52X 147 Specimen Designation Letter C
¢ erial Number 112 Tested By:
Date 8/10767 On Time Cycles
. - Proc. e . ' tores :
Test Par. No. Conditions & Measurements Limits Test Results
MR 1144 -
Internal 5.1.9 Mezasure outlet port leakage .
Leakage with inlet pressures of 50 50 360
and 360 psig. Psig Psig
Fuel none none
Oxidizer none none
Cycle valve 100 times and
repeat above tests.
Fuel none none
Oxidizer none none
l:ieverse Seat Apply 20 psig to outlet ports 30 ce/ Fuel __none
Leak Measure leakage at the inlet hr. Oxidizer _ Bone
port.

80



PO%T AJCISA SLNUSOIDAL VIBRATION PERFORMANCE

f U o Specimen Dea1gnat10n Letter C

; h Ddel Numbe‘} ’ng 14') .
S:rial’ Number LR ‘-' Testad By:
~D ate. _....._BLLB.L&Z.__..‘,... On Time Cycles
T ) " Proc, L v '
~ Test . Pir. No. Conditions & Measurements Limits Test Results
o ‘ MR 1148 e
Iiternal 5.1.9 Measure outlet port leakage
Leakage with inlet pressures of 50 50 © 360
and 360 psig. __Psig Psig
Fuel none none
) - Oxidizer none none.
v I
4 Cycle valve 100 times and
repeat above tests,
Fuel none none
Oxidizer none none

Riverse S;aat
Leak

Apply 20 psig to outlet ports
Measure leakage at the inlet
port.

81

30 cc/ Fuel
hr, Oxidizer



‘POéTislNUSQIDAL VIBRATION PERFORMANCE

Cdetel Numpser | 52X147

Therial Numbed L £ Y-
Ty 1Y/

;;p'»ci-men Designat un Letter wi C
: Tewted By: ' P
On Timeé _'° Cycles

A

Proc.

Par. No.
MR 1144

Test

Conditivns & Measurements

Linits

Test Resuits

El:ctrical

Resistance

a. Coil
Resistance

o

5.1.3.1

Measure and Record
Ambient temperature
Primary coil resistance
Secondary coil resistance

AR

ohms

D

ohme

n
—
2]

Resosonse
lime

Meagure opening and
closing response from
oscillograms. lnlet pres-
Bure AEBIO psig for pri-
mary coil, at 360 psig
for secondary coil.
Primary coil - 0, 80
’ amperes
Secondary coil 0, 44
amperes
Primary and Secondary
as above,

primary
open 9 msec
close 5 msec

secondary open

e

open 50 msec close

museun,

mued,

close
open

5.6

2.2

close 5 msec open 12.0
2.1

4.8

close 2.6

mser,
meec,
meeC,

Flov: Test

‘unciional
Test
ull- u Voltage

(&>
.
V—t

7.1

Measure flow and pres-
sure drop with inlet of
310 psig,
Press
Drop
15
20
25
30
35
40

Flow-1b/sec.

Fuel Oxidizer
~1091) 1187
-1270} 1400
-1425) , 1570
L1573} L1715
170317, 1878

0,179

0. 144

25.4 ‘32,30

Inlet pressure at 360 psig.
Measure minimum voltage
required fo open valve 10

consecutive times at 0,25

C.eps

82

A

Volis

Amps

<20 volts Pri E 31_-

Sec 9.48

et L L
A

Both __ 3,60

| 232 .



© BFOST SINUSOIDAL VIBRATION PERFORMANCE

“Medel Numboer '53'}{,145 - Ffpv.-( imen Designation Letter ¢
“$e lial Number - “1yp0- R Tested By: ; _ _
Duate . g/1L/GT e L OnTime  ~  Cydles 4
Proc’ ;Condition: & Muasdrements . Limits Test Rosuits
- Pd}‘- No. | SN R
MR AM4 o A
5.1, 7.2 lalet pressure at 16b 'ps‘\g ’ i Dvolys Volts Amps
. .Measure maxunum voltage '
*'- < R &t which valve closes Pri 1,35 081
see (1.99 0 .064
Both  .780  ,050
ppareriin . - 5 : .. e e e e e e et e o e e e St
vy i L -4
Efiernst. - 5. 1.8 Apply 360 psig helium <10 “cc/f
i’;,;;,akago pregsure to the oxidizer sec.
& : inlet with botn redurn

“ports biocked. Faergize
tvalve to allow helium to
enter all oxidizrT chatwibe rs,
Block fuel inlet and m: . sure
external leakage

Open fael inlet and measure
external leakage:

Apply 360 psig helium press-"
ure to Iuel’inlet with both re--
“trn potts blocked, Energive
- valve t6 allow helium to enter
all fuel chimbers. Block oxi-
dizer inlet'and measure external
leakage, .

Open oxidizer inlet and mea- .<10"'i:c/
sure extarnal leakage, sec,

83 -



POST SINUSOIDAL VIBRATION PERFORMANCE

M odel Number 52)&147

Specimen Designation Letter C
S:rial Number Il2 Tested By:
Date 8/11/67 ) On Time . Cycles
' Proc. .
Test Par. No Conditions & Measurements Limits Test Results
- MR 1144 _ 2
Iniernal 5.1.9 Measure outlet port leakage
l.egkage with inlet pressures at 50 50 360
and 360 psig. Psig Psig
Fuel none none
Oxidizer none none
Cycle valve 100 times and
repeat above tests, .
Fuel none none
Oxidizer none none
R:verse Seat Apply 20 psig to outlet ports 30 cc/ Tuel none
Leak Measure leakage at the inlet hr. Oxidizer none

port

84.



Model 52X147C Body §/N 112

xis C 8/12/8&7
Flapper button rmmotion restrictors
flat spring

A

27.7 g rms input

8 9160

®

Fef

4

1

igure

F
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L POST A‘KIS < R_ANDOM VIBRATION PERFORMANCE

52X 147

M -del’Number Speczmen Designation Letter G
- 8e t{al Numbexr . 12 “Tested By:
Date - 'g]';i{ﬁ"_—* On Time Cycles
. ' Proc. Lo e
-Test  Par. No. Conditions & Measurements . Limits Test Results
. MR 1144 N
ik T '
Inte rnal 5.1.9 Measure outlet port leakage .
Leakage with inlet pressures of 50 50 360
‘ and 360 psig. Psig Psig
Fuel none none
Oxidizer none none
Cycle valve 100 times and
repeat above tests
N Fuel none none
Oxidizer none - nene
Reerse Seat Apply 20 psig to outlet ports 30 cc/ Fuel none
Leak Measure leakage at the inlet hr. Oxidizer none

port.
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U

52

Model

X 147C Budy

Axis A 8/12/67

Flapper button melion restrictors

flat spring

27.7 g rms input

i
t

RPNy p 5

8

1

Figure
87




PQST AXIS A RANDOM VIBRATION PERFORMANCE

Model Number 52X 147 Specimen Designation Letter _ ¢
Sitrial Number 112 Tested By: ;
Date 8/12/67 On Time® - Cycles
' Proc,
*  Test Par, No, Conditions & Measurements Limits Test Results
— MR 1144 h
In ernal 51,9 Measure outlet port leakage
i.eakage with inlet pressures of 50 50 360
and 360 psig. m Psig Psig
Fuel ' nene none
Oxidizer none none

Cycle valve 100 times and
repeat above tests,

Fuel none none
Oxidizer none none
- 7
Reverse Seat Apply 20 psig to outlet ports 30 cc/ Fuel none
Leak Measure leakage at the inlet hr, Oxidizer none
port,
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Model 52X 147C Rody

-
i

s B 8/12/6
lapper button miction restrictor

xi

A
¥

S

flat sp

ing

iy

27.7 g rms input

igure 19

¥

89



VIBRATION POST SINUSOIDAL & RANDOM PERFORMANCE

H i
i

{ -
<1 Specimen Designation Letter

Moded Number | ‘52X 147 I ! SR SR
S¢ rlal Number 2 ’ ; Texted By: - e ”‘
Date o §/_L:;/_§] © On Time _ Cycles  : -
S .
- . +
Test Proc. Con litine & Measurements Libiits Test Resuits
Pn r, No. . .
; MR 1144
Electrical I Measure and Record ]
Re:istance ? Ambient temperature : - e
a. Coil . Primary coil resistance AR . nhms
Resistance 5,1.3.1 Secondary coil resistance Cb - ohms
‘ Measure opening and
: L 5. 1.5 closing response from .
Resoonse M oscillograms. inlet pree- primary
T me sure af 310 paig for pri- open 9 msec
mary coil, ag 360 peig close 5 msec
for secondary coif.
Primary coil - 0. 80 secondary open 6.0 msec.
amperes open 50 msec close _2+3 msec.
Secondary coil - 0, 44 close 5 msec open 14.2 _ mBeG
amperes close 2,0 msec.
Primary and Secondary open 3+ 1 "l:t.';&
as above close_2.6 .  msec.
Flew Test . 5, 1.6 - Measure flow and pres-
: . sure drop with inlet of
310 psig.
Press, Flow - Ib/sec.
* Drop Fuel Oxidizer
15 L1094, 1183
20 aemel 1393 ]
5 411 ] L1583
30 JAs4el . 1706%
35 1675 ] 50
40 JA792 L1980
0. 1447 0.179 :
Func tional ; 26,7 ‘335 Volts ' Amps,
Te st - - w
Pull -in Voltagef " 5,1.7.1 Inlet pressure at 360 psig, <20 volts @y 6.33 s o 3801
[ Meaé.:urz :ninimunl 'lvolt?ge Sec 368 Y] I
requir ; h
quired to open valve Both 3,61 =3z

consecutive times at 0. 25
cps,
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VIBRATION POST SINUSOIDAL & RANDOM PERFORMANCE

: ¢
dcdﬂNun:bor 52X 147 . Specimaon Dt—‘siglhqtu)n Letter ¢
terial Nummber 112 - Tested By: ' -
Date - 814767 On Time __ Cycles ..
T e . Prot. L. . e - L. . X -
Lo Test Conditinns & Measurernents | Limits Test Resuits
< Par. No, . ;
P MR _1144 e+ e e e+ e - e
lj‘l_:ép-!?u‘h; . 5, Li7. 2 Inlet pressurcoat 166 psip >1, Ovolts Volts Amps
| 'loltage Measure maxanum vollayg? s B
S 4t which valve cloges
at which valve cloges Pri .52 . 087,
N Ser 2,18 ., 069
; Both . 801 051
— e ol e e e e e e s~ e o
Erternal - - 5.1.8  Appiv 360 psig helium <10'4cc/ :
i gakage prussiore to the ovidizer . sec,

inifrt with both return

ports binckad, Eunergine
valve tu allow helium to
enter <1l oxidize® chambe rs.
Block fuel inlét and m asure
external leaka g--'

Open foel inlet and measure
external leakage

Apply 360 psig helium prres-

ure to fuel inlet with both re-
turn po¥ts blocked. Energize
vaih;e to aliow hglixﬁm t{o enter
all fuel chambets. Block oxi-
dizer inlet and measure external |
leakage. » N

Open oxifgizer inlet and mea- <10 %t/
sure sxternal lerkage. geC,
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VIBRATION POST SINUSOIDAL & RANDOM PERFORMANCE

Mod:l Numher 52X147 Specimen Designation Letter o}
P g
Seriul Number 112 Tested By:
Date 8/14/67 On Time Cycles
Proc,
L.Tst Par, No Conditions & Measurements Limits » Test Results
. MR 1144 e
nternal 5.1.9 Measure outlet port leakage
Leatage with inlet pressures of 50 and 50 260
360 psig. Psig Psig
Fuel none none
Oxidizer _none none
Cycle valve 100 times and
repeat above tests.
Fuel none none
Oxidizer none none
leve 'se Seat Apply 20 psig to outlet ports 30 ¢c/ Fuel none
Lak Measure leakage at the inlet hr. Oxidizer none
port,
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